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(54) Exposure method and device manufacturing method using the same 



(57) An exposure method and a device to be pro- 
duced thereby are disclosed, wherein the method in- 
cludes printing, by an exposure, a fine pattern onto a 
substrate, and printing, by an exposure, a mask pattern 
having a smallest linewidth larger than that of the fine 
pattern, onto the substrate, wherein the fine pattern and 



the mask pattern are printed on the substrate superpos- 
edly, and wherein a fine pattern exposure region in 
which the fine pattern is to be printed has a size that 
includes a chip-inside -device forming region in which a 
chip-inside-device is to be formed in a single chip region 
to be formed on the substrate. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates generally to an exposure 
method. More particularly, the invention is concerned 
with an exposure method wherein a first exposure proc- 
ess as can be represented by a standard or ordinary 
exposure process, such as projection exposure, and a 
second exposure process of higher resolving power 
than the first exposure process, are performed so that 
different types of patterns are printed superposedly to 
thereby form a desired pattern (hereinafter "goal pat- 
tern") of smallest linewidth corresponding to the second 
exposure process. The present invention is suitably ap- 
plicable to manufacture of chips or devices such as sem- 
iconductor chips (e.g., ICs or LSIs), detecting devices 
(e.g., magnetic heads), micro-machines or image pick- 
up devices (e.g., CCDs), for example. 
[0002] Currently, many projection exposure appara- 
tuses for manufacture of devices such as ICs, LSIs or 
liquid crystal panels, for example, based on photolithog- 
raphy, use a light source of an excimer laser. However, 
mere use of such excimer laser as a light source in a 
projection exposure apparatus does not assure produc- 
tion of a fine pattern of a linewidth of 0. 1 5 micron or nar- 
rower. 

[0003] In order to improve the resolution, theoretically, 
the numerical aperture (NA) of a projection optical sys- 
tem may be enlarged or the wavelength of exposure 
light may be shortened. Practically, however, enlarge- 
ment of the NA or reduction in wavelength of the expo- 
sure light is not very easy. For, the depth of focus of a 
projection optical system is inversely proportional to the 
square of the N A while it is proportional to the wave- 
length X. Because of this, enlarging the NA of a projec- 
tion optical system results in a decrease of the depth of 
focus, which causes a difficulty of focusing and a de- 
crease of productivity. Further, most glass materials 
have an extraordinarily low transmission factor with re- 
spect to a deep ultraviolet region. Even for a fused silica 
(quartz) which is used with a wavelength X - 248 nm 
(KrF excimer laser), the transmission factor reduces al- 
most to zero when used with a wavelength X = 193 nm 
or less. Currently, no glass material has been developed 
that can be practically used in a region of exposure 
wavelength X = 150 nm or less, corresponding to a fine 
pattern of 0.15 micron linewidth or less to be produced 
in accordance with a standard or ordinary exposure 
process. 

[0004] Japanese Patent Application, Application No. 
304232/1997, (hereinafter, "the earlier Japanese patent 
application"), filed by the assignee of the subject appli- 
cation, proposes a dual exposure process which is 
based on a combination of dual-beam interference ex- 
posure and standard exposure, wherein a multiple-val- 
ue exposure amount distribution is applied to a sub- 
strate, to be exposed, to assure high resolution expo- 



sure. In an embodiment disclosed in the earlier Japa- 
nese patent application, the dual-beam interference ex- 
posure process is performed by use of a phase shift 
mask having a line-and-space (L&S) pattern of 0.1 mi- 

s cron linewidth, and a fine linear pattern is printed 
through coherent illumination. Thereafter, an ordinary 
exposure process (for example, an exposure process 
based on partially coherent illumination) is performed 
while using a mask which is formed with a pattern having 

10 portions of different transmission factors and having a 
shape corresponding to an actual device pattern of 
smallest linewidth of 0.1 micron. In accordance with the 
method disclosed in the earlier Japanese patent appli- 
cation, a pattern of smallest linewidth of 0.10 micron 

15 may be formed through the ordinary exposure process 
and by using a projection exposure apparatus having a 
projection optical system which has an image side NA 
of 0.6. 

[0005] Another method for the fine pattern printing is 

20 a probe exposure method wherein a pattern is drawn 
and printed on a photosensitive member by using a 
probe. The probe may be based on AFM using an inter- 
atomic force, STM using a tunnel current, an electron 
beam, a laser beam or proximity light, for example. How- 

25 ever, performing the probe exposure over the whole ex- 
posure area has a disadvantage of low throughput. In 
consideration of it, those portions of a goal pattern that 
can be produced through an ordinary exposure process 
may be photoprinted by using a light quantity larger than 

30 an exposure threshold of a photosensitive substrate. On 
the other hand, those portions of insufficient resolution 
may be photoprinted by superposed printing which is 
based on an ordinary exposure and a probe exposure, 
with the respective light quantities each being iowerthan 

35 the exposure threshold of the photosensitive material 
but both, when combined, being higher than the expo- 
sure threshold. As a result, a multiple-value exposure 
amount distribution similar to that described above is ap- 
plied (Japanese Patent Application, Application No. 

40 137476/1998). 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
45 vide an improved exposure method by which a multiple 
exposure process such as described above can be ap- 
plied to assure higher precision production of a device 
such as a semiconductor chip, for example. 
[0007] These and other objects, features and advan- 
so tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic view for explaining an 
example of the structure of a semiconductor chip, ac- 
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cording to an embodiment of the present invention. 
[0009] Figure 2 is a schematic view for explaining an 
example of the structure of an output buffer circuit in the 
semiconductor chip of Figure 1. 
[001 0] Figure 3 is a schematic view for explaining an 
example of the structure of an input buffer circuit of the 
semiconductor chip of Figure 1 . 
[0011] Figure 4 is a schematic view for explaining an 
example of the shape and structure of a fine linear pat- 
tern which can be used for formation of a fine pattern 
corresponding to the output and input buffer circuits of 
the semiconductor chip of Figure 1. 
[0012] Figure 5 is a schematic view for explaining the 
state of exposure, in a case where a fine linear periodic 
pattern region and a goal pattern region coincide with 
each other. 

[001 3] Figure 6 is a schematic view for explaining the 
state of exposure, in a case where a fine linear periodic 
pattern region is magnified, as compared with a goal 
pattern region, in opposite directions along the direction 
of array of the fine linear pattern and by an amount cor- 
responding to four lines of the fine linear pattern. 
[0014] Figures 7A and 7B are graphs, respectively, for 
explaining the width of exposure amount that can be re- 
solved by the dual exposure method of Figures 5 and 6. 
[0015] Figure 8 is a graph for explaining the relation 
between the length of a pattern to be formed through 
the dual exposure and an increase in length where a 
fine linear pattern is enlarged in the lengthwise direction 
beyond a goal pattern region. 
[001 6] Figure 9 is a schematic view for explaining an 
example of the structure where the angle of the output 
buffer circuit in the semiconductor chip of Figure 1 differs 
from that of Figure 3 by 90 deg. 
[0017] Figure 10 is a schematic view for explaining an 
example of the structure of a pad portion in a semicon- 
ductor chip according to a second embodiment of the 
present invention. 

[0018] Figure 11 is an enlarged view of an upper right 
portion of the semiconductor chip of Figure 10. 
[001 9] Figure 1 2 is a schematic view for explaining an 
example where a fine pattern is placed inside a semi- 
conductor chip. 

[0020] Figure 13 is a schematic view for explaining 
another example where a fine pattern is placed inside a 
semiconductor chip. 

[0021] Figure 14 is a schematic view for explaining a 
further example where a fine pattern is placed inside a 
semiconductor chip, together with a void portion. 
[0022] Figure 1 5 is a schematic view for explaining an 
example of the structure of a matrix type photoelectric 
converting device, which can be produced in accord- 
ance with a multiple exposure process of the present 
invention. 

[0023] Figure 1 6 is a schematic view for explaining an 
example of the layout of a fine linear pattern, for forming 
a fine pattern of a chip-inside-device, in the device of 
Figure 15. 



[0024] Figures 17 A, 17B and 17C are schematic 
views, respectively, for explaining a process for forming 
a silicon active region. 

[0025] Figures 1 8A and 1 8B are schematic views, re- 
5 spectively, for explaining the principle of dual exposure 
process. 

[0026] Figures 19A, 19B and 19C are schematic 
views, respectively, for explaining the principle of dual 
exposure process. 
10 [0027] Figures 20A and 208 are schematic views, re- 
spectively, for explaining an exposure pattern in fine lin- 
ear exposure. 

[0028] Figures 21 A and 21 B are schematic views, re- 
spectively, for explaining an exposure pattern in dual ex- 
15 posure, corresponding to a portion without a rough pat- 
tern. 

[0029] Figures 22A and 22B are schematic views, re- 
spectively, for explaining an exposure pattern in ordi- 
nary projection exposure. 
20 [0030] Figure 23 is a schematic view of an example 
of a mask to be used for dual exposure by which a de- 
focused image is superposed. 
[0031] Figures 24A, 24B, 24C and 24D are schematic 
views, respectively, for explaining an exposure pattern 
25 to be formed through dual exposure. 

[0032] Figures 25A and 25B are schematic views, re- 
spectively, for explaining the principle of triple exposure 
for forming a contact region. 

[0033] Figures 26A, 26B and 26C are schematic 
30 views, respectively, for explaining the principle of the tri- 
ple exposure. 

[0034] Figures 27A, 27B and 27C are schematic 
views, respectively, for explaining the procedure for 
forming a wiring region. 
35 [0035] Figure 28 is a flow chart for explaining the pro- 
cedure for manufacturing a microdevice. 
[0036] Figure 29 is a flow chart for explaining details 
of a wafer process, included in the procedure of Figure 
28. 

40 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] In some preferred embodiments of the present 
is invention to be described below, a fine pattern and a pat- 
tern (hereinafter "rough pattern") having a smallest 
linewidth (upon a substrate) larger than that of the fine 
pattern, are printed on the substrate superposedly, by 
which a goal pattern having a smallest linewidth corre- 
50 sponding to that of the fine pattern, is formed on the sub- 
strate. This exposure method is called in this specifica- 
tion a "dual exposure' or "multiple exposure". In this ex- 
posure method, the region on which the fine pattern is 
to be printed is exposed with a size that contains the 
ss whole chip-inside-device forming region, upon one chip 
to be produced on a substrate, where a chip-inside-de- 
vice is to be formed. 

[0038] Here, the term "chip -inside-device forming re- 
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gion" refers to such region that includes all of or any one 
of (i) an active element such as an MOS transistor, a 
bipolar transistor or a diode, for example, (ii) a passive 
element such as a resistance element or a capacitance 
element, for example, and (iii) a connection region for 
electrical connection of the active element or the pas- 
sive element. 

[0039] When the dual exposure is to be performed, a 
fine pattern should desirably be uniform as much as pos- 
sible. 

[0040] In the embodiments of the present invention to 
be described below, a fine-pattern exposure region is 
made larger than a chip-inside-device forming region. 
This enables that a portion not influenced by a micro- 
loading effect, a proximity effect or an edge effect of the 
edge of the fine pattern, that is, a portion where the fine 
pattern is uniform in shape, is used in the chip-inside- 
device forming region. 

[0041] Further, if the whole surface of a fine-pattern 
exposure region is exposed in a single exposure, in con- 
nection with the exposure amount, the exposure amount 
distribution control in a wide range as well as the state 
after the resist exposure (e.g., oxide diffusion) can be 
uniformed. Particularly, while in a chemical amplification 
type resist the time from the exposure to the develop- 
ment has a large influence to the linewidth (CD), this can 
be made uniform. 

[0042] The fine pattern in the chip-inside-device form- 
ing region can be made uniform through the procedure 
described above. The reproducibility of a goal can there- 
fore be improved, and thus various devices such as a 
semiconductor chip, for example, can be manufactured 
very precisely. 

[0043] Preferred embodiments of the present inven- 
tion will now be described with reference to the accom- 
panying drawings. 

[Embodiment 1] 

[0044] A semiconductor chip is provided with pads at 
its outer peripheral portion, for transmission and recep- 
tion of signals to and from the outside of the chip. Figure 
1 shows an example, wherein denoted at 101 is a sem- 
iconductor chip which is formed on a semiconductor wa- 
fer or substrate, and denoted at 102 are pads formed at 
the outer peripheral portion of the chip. For transmission 
and reception of a greater amount of information, there 
are cases where pads are formed along all the four pe- 
ripheral sides of the chip, such as shown in the drawing. 
[0045] For example, in a case of a logic integrated cir- 
cuit, such a semiconductor chip has output pads each 
having a buffer circuit to which a single-stage or multi- 
ple-stage inverter circuit (signal inverting circuit) for driv- 
ing a large load outside the chip is connected. Also, its 
input pads have a buffer circuit for driving the inside cir- 
cuit. 

[0046] Figure 2 illustrates an example of an output 
pad having an output buffer circuit. For convenience in 



explanation, an example of a pad with a single-stage 
inverter buffer circuit will be described. Denoted in Fig- 
ure 2 at 10 is a P type MOS transistor. Denoted at 1 is 
a source region of the P type MOS transistor, and de- 

5 noted at 2 is a drain region of the P type MOS transistor. 
Denoted at 20 is an N type MOS transistor. Denoted at 
3 is a source region of the N type MOS transistor, and 
denoted at 4 is a drain region of the N type MOS tran- 
sistor. Denoted at 5 is a gate electrode which is used for 

ro both of the P type and N type MOS transistors. Denoted 
at 6 are contacts for connecting the sources and drain 
regions 1 - 4 with a wiring layer (wire 8, electric source 
wire 9 and ground wire 11). Denoted at 7 is a pad for 
connecting the semiconductor chip with the outside. The 

is drain regions 2 and 4 are connected to the wire 8 
through the contacts 6, and the wire 8 is connected to 
the pad 7. The source region 1 of the P type MOS tran- 
sistor 10 is connected to the electric source wire 9 
through the contact 6. The source region 3 of the N type 

20 MOS transistor 20 is connected to the ground wire 11 
through the contact 6. The sources and drain regions 1 
- 4 are defined in a silicon active layer at the surface ol 
the silicon substrate, and the wiring layer is formed on 
an insulating layer (not shown) which is provided on the 

25 silicon active layer The gate electrode 5 is provided by 
a polysilicone layer, a polycide layer or an accumulation 
of these layers. With the structure described above, the 
P type MOS transistor 10 and the N type MOS transistor 
20 provide a CMOS inverter. In accordance with a signal 

30 transmitted to the gate electrode 5 from an inside circuit 
(not shown) and through the gate wire 12, an inversion 
signal thereof is outputted to the pad 7. 
[0047] Figure 3 illustrates an example of an input pad 
having an input buffer circuit. In Figure 3, tike numerals 

35 as those of Figure 2 are assigned to corresponding el- 
ements. With the structure as illustrated, in response to 
application of a signal from the outside to the pad 7, the 
signal is transmitted to the gate electrode 5 through the 
gate wire 12, whereby a signal as being inverted by the 

40 CMOS inverter is transmitted to the inside circuit (not 
shown). 

[0046] Figure 4 illustrates an example of a pattern 
shape, upon a semiconductor wafer, of a fine linear pat- 
tern (a stripe-like fine pattern) in a case where a fine 

45 MOS transistor is to be produced in an output buffer cir- 
cuit and an input buffer circuit of a semiconductor chip 
on the semiconductor wafer through a convenient proc- 
ess. The production is based on a multiple exposure 
method wherein a fine linear pattern and a rough pattern 

so having a smallest linewidth, upon a semiconductor wa- 
fer or substrate (or as the same is printed on the semi- 
conductor wafer), larger than that of the fine linear pat- 
tern are printed on the substrate superposedly, whereby 
a goal pattern having a smallest linewidth corresponding 

55 to that of the fine linear pattern is produced on the wafer. 
[0049] In Figure 4, like numerals as those of Figure 1 
are assigned to corresponding elements. Denoted at 
401 is a fine linear pattern (periodic pattern). A rough 
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pattern for producing a gage layer, for example, may be 
formed so that it can be overlapped with the fine linear 
pattern 401 and, through the dual exposure process, an 
MOS transistor having a fine gate length can be pro- 
duced conveniently. In this embodiment, the pattern 
forming region for forming the fine linear pattern 401 in- 
cludes input and output buffer circuits, and the whole 
surface thereof is formed (exposed) into a size slightly 
larger than a chip-inside-device forming region 404 of 
the semiconductor chip 101. 

[0050] Here, the term 'chip-inside-device forming re- 
gion" refers to such region that includes all of or any one 
of (i) an active element such as an MOS transistor, a 
bipolar transistor or a diode, for example, (ii) a passive 
element such as a resistance element or a capacitance 
element, for example, and (iii) a connection region for 
electrical connection of the active element or the pas- 
sive element. In the example of Figure 1 , it is the region 
of the semiconductor chip 101 that includes an inside 
circuit, a peripheral circuit and a conneclion region for 
connecting them. In the examples of peripheral circuits 
shown in Figures 2 and 3, it corresponds to a region in- 
cluding P type MOS transistor 1 0, N type MOS transistor 
20, contacts 6 for connecting the transistors 10 and 20 
with wires 8, 9 and 11, and a contact (not shown) for 
connecting the gate 5 (Figure 3) of the MOS transistors 
1 0 and 20 with the pad 7. The position of the chip-inside- 
device forming region is not restricted by the placement 
of the pad 1 02. A chip-inside-device forming region may 
be defined in a region between the pad and the outer 
periphery of the semiconductor chip. Also, the position 
of the pad is not limited to the proximity to the chip out- 
side periphery. It may be placed close to the center of 
the chip. 

[0051] In a fine linear pattern, due to the influence of 
the edge effect, the proximity effect or the micro-loading 
effect, the exposure amount or the resolution decreases 
at the opposite ends with respect to the direction of its 
array or its length. In accordance with this embodiment, 
however, the pattern forming region for forming the fine 
linear (periodic) pattern 401 is defined by the whole sur- 
face exposure to a size notably larger than the chip-in- 
side-device forming region of the semiconductor chip 
101 , which provides an input/output buffer circuit. As a 
result of this, the end portion of the fine linear pattern 
having a tower exposure amount or resolution is posi- 
tioned outside the chip-inside-device forming region. 
Therefore, in the chip-inside-device forming region, only 
a portion of the fine pattern which is uniform in respect 
to shape can be used. This enables that not only the 
inside circuit portion of the chip 101 but also the input/ 
output buffer circuit are produced very precisely. 
[0052] Figures 5 and 6 illustrate a difference in re- 
spect to the setting of a fine periodic pattern region and 
a goal pattern (five-bar) region. Figure 5 shows an in- 
tensity distribution in the dual exposure in a case where 
the fine periodic pattern region is set in the same region 
as the goal pattern to be produced. Figure 6 shows an 
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intensity distribution in the dual exposure in a case 
where the fine periodic pattern region is enlarged so that 
a goal pattern can be produced satisfactorily. In each of 
Figures 5 and 6, the upper portion shows exposure 
s amount distributions of a fine periodic pattern, using a 
Levenson type phase shift mask. The middle portion 
shows exposure amount distributions provided by a 
rough pattern. The lower portion shows exposure 
amount distributions provided by the dual exposure. The 
10 exposure amount distributions are illustrated in respect 
to various levels of defocus, varying along the lateral 
direction in the drawing. In these drawings, exposure 
amount distributions as well as the positions of the five 
bars are illustrated. 
is [0053] In the example of Figure 5, particularly when a 
defocus occurs, the line shape of the fine periodic pat- 
tern at its opposite ends is distorted. Also, as regards 
the exposure amount distribution provided by the dual 
exposure, there is a large difference between a central 
20 pattern and patterns at the end portions. As compared 
therewith, in the example of Figure 6 wherein the fine 
pattern is set larger than the goal pattern region by four 
bars at each end, even if a defocus occurs, the differ- 
ence in exposure amount distribution (after the dual ex- 
25 posure) between the central pattern and patterns at the 
opposite ends is smaller. Thus, it is seen that the expo- 
sure latitude is improved. 

[0054] This will be described in more detail, in con- 
nection with an example of a defocus of 0.4 micron. Fig- 
30 ures 7A and 7B show a resolvable exposure amount 
range. In a case where the region for the goal pattern 
coincides with the fine periodic pattern region, as shown 
in Figure 7A, although the five bars are resolved, the 
linewidth of each bar varies. As compared therewith, if 
35 the fine periodic pattern region is enlarged, as shown in 
Figure 7B, all the five bars can be resolved into a desired 
linewidth. Also, there is a certain range for exposure 
amount that enables resolution with the desired linew- 
idth. 

40 [0055] Figures 5, 6, 7A and 7B show results of expo- 
sure where the fine periodic pattern and the five bars 
have a linewidth and a spacing of 0.12 micron, and 
where an ordinary exposure process is performed by 
use of a projection exposure apparatus which compris- 
45 es a light source of a KrF excimer laser (X = 248 nm) 
and a projection optical system having an image side 
NA of 0.6. Table 1 below shows preferable enlargement 
amounts (pattern bar number) of a fine periodic pattern, 
in a case where a projection exposure apparatus such 
50 as described above is used for the ordinary exposure 
process and the linewidth and spacing are set to 0.12 
micron, 0.13 micron and 0.15 micron, respectively, and 
in a case where the number of bars of a goal pattern is 
set, in regard to isolated pattern, to one, three and five, 
55 respectively. In Table 1, the pattern bar number corre- 
sponds to the number of glass patterns in a case of a 
void pattern (the pattern is light transmissive) and to the 
number of Cr patterns in a case of a residual pattern (the 
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pattern is light blocking). 



TABLE 1 



PATTERN WIDTH 


0.12 


0.13 


0.15 


PATTERN BAR NUMBER 








1 


3 


2 


1 


3 


4 


3 


2 


>3 


4 


3 


2 



[0056] As described above, in the case where the 
linewidth ol a fine periodic pattern is 0.12 micron, it is 
effective in dual exposure to enlarge the fine periodic 
pattern region by four periodic pattern bars or more as 
compared with the goal pattern region. 
[0057] Further, investigations have been made on 
how much the periodic pattern region should be en- 
larged in regard to the lengthwise direction of the pat- 
tern. Figure 8 is a graph showing the increase in length 
of a fine periodic pattern (enlargement in the lengthwise 
direction) and the length of the pattern to be produced 
through the dual exposure. Here, the smallest linewidth 
of the fine periodic pattern is w, and the length of a bar 
pattern to be formed through the dual exposure of a goal 
pattern (bar pattern) having a width w and a length 1 4w 
is illustrated in terms of percent (%). In a case where the 
lengthwise direction of the fine periodic pattern is the 
same as the goal pattern, the length of a pattern pro- 
duced as a result of dual exposure is shortened by about 
1 4% as compared with the goal pattern. It is seen that, 
with enlargement of the fine periodic pattern along its 
lengthwise direction, the amount of shortening is re- 
duced and that the shortening is substantially saturated 
at 6 times the smallest linewidth. it is therefore prefera- 
ble that, in regard to the lengthwise direction, the fine 
periodic pattern is enlarged by 6 times the smallest 
linewidth (0.72 micron in case of smallest linewidth of 
0.12 micron) or more. 

[0058] In summary, the fine periodic pattern exposure 
region should desirably be enlarged, at its opposite 
ends, by four bars or more with respect to the periodic 
direction as compared with the goal pattern region (de- 
vice forming region), and be enlarged by 6 times or more 
the smallest linewidth with respect to the lengthwise di- 
rection. 

[Embodiment 2] 

[0059] In a case where, as shown in Figure 4, all the 
gate patterns are formed by one and the same type of 
pattern (fine linear pattern), the pad in the region 402 
may be formed in accordance with the layout such as 
shown in Figure 2 or 3. However, in regard to the pad of 
the region 403, the orientation of the buffer circuit will 
be deviated from the pad by 90 deg. as shown in Figure 
9. As a result, depending on the pad array, the length of 
the electric source wire 9 connecting the buffer circuit 



varies. This causes a difference in series resistance 
and, thus, a difference in operation speed of the buffer 
circuit. 

[0060] Further, while there are a voltage source wire 
5 and a ground wire 11 around the pad such as shown in 
Figure 2, 3 or 9, if the size of the inverter is large or plural 
inverters are connected in multiple stages, the size of 
one side of the buffer circuit may become larger than 
the size of the pad. In that occasion, depending on the 
10 orientation of the buffer circuit, the element may not be 
placed efficiently between these wire regions, which 
may cause an increase in chip size. 
[0061] Figure 10 illustrates an example of the struc- 
ture of a pad in a semiconductor chip according to a sec- 
is ond embodiment of the present Invention. This embod- 
iment is based on a multiple exposure method in which 
a fine linear pattern and a rough pattern having a small- 
est linewidth larger than the linewidth of the fine linear 
pattern are printed superposedly, such that a goal pat- 
tern having a smallest linewidth corresponding to the 
linewidth of the fine linear pattern is produced. Specifi- 
cally, in this embodiment, there are plural fine linear pat- 
terns having at least two different angles. Thus, this em- 
bodiment provides a further improvement to the first em- 
bodiment described hereinbefore. 
[0062] In Figure 10, tike numerals as those of Figure 
1 are assigned to corresponding elements. Denoted in 
Figure 10 at 601 is a first fine linear pattern group, and 
denoted at 602 is a second fine linear pattern group 
which defines a right angle to the first fine linear pattern 
group 601 . When a gate for a buffer circuit is formed by 
use of the fine linear pattern shown in Figure 10, the 
relative positional relation between a pad and a corre- 
sponding buffer circuit can be held constant, at all the 
peripheral sides of the semiconductor chip. Figure 11 is 
an enlarged view of the right upper portion of the chip 
of Figure 10. As shown in the drawing, the orientation 
of the fine linear pattern may be changed in accordance 
with the placement of the pad, to thereby change the 
orientation of the MOS transistor. In this manner, a 
number of buffer circuits of uniform operation character- 
istic can be disposed in large integration. 

[Embodiment 3] 

[0063] The present invention is not limited to pads, but 
it is applicable also to placement of transistors inside a 
semiconductor chip. 

[0064] Figures 12, 13 and 14 show examples wherein 
fine patterns are formed also inside a semiconductor 
chip. As shown in Figure 12, fine patterns may be 
formed throughout the whole surface of a fine-pattern 
exposure region. Also, as shown in Figure 14, the pat- 
terns may be formed in the fine-pattern exposure region, 
except an inside portion thereof. In Figure 14, denoted 
at 1801 is a void region without a fine linear pattern. As 
shown in Figures 12-14, plural fine linear pattern 
groups having different array directions may be formed. 
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In Figures 12 - 14, the first tine linear pattern 1601 or 
1701 and the second fine linear pattern 1602 or 1702 
are arrayed in orthogonal directions. 

[Embodiment 4] 

[0065] Figure 1 5 shows an example wherein the con- 
cept of the second embodiment is applied to a matrix 
type photoelectric converting device which can be 
formed on a semiconductor wafer (substrate) as a single 
device. Denoted in Figure 15 at 801 is a photoelectric 
converting element region in which photoelectric con- 
verting elements are arrayed in matrix. Denoted at 802 
is a vertical scan circuit, and denoted at 803 is a hori- 
zontal scan circuit. Denoted at 804 is a horizontal read- 
ing circuit, and denoted at 805 is an output amplifier. 
[0066] Electric charges as produced by photoelectric 
converting elements are directly read out by the hori- 
zontal reading circuit 804, or they are read out after be- 
ing amplified by amplifying elements which are provided 
in association with the photoelectric converting ele- 
ments, respectively, in an order as determined by the 
selection through the vertical scan circuit 802. After this, 
in the order as selected by the horizontal scan circuit 
803, they are read out sequentially through the output 
amplifier 805. 

[0067] Here, the vertical scan circuit 802 functions to 
perform sequential selection in vertical direction, and, 
for it, generally a combination of a CMOS inverter and 
a transfer switch or a combination of an N or P type MOS 
transistor and a capacitance element is known. On the 
other hand, the horizontal scan circuit 803 has a circuitry 
similar to that of the vertical scan circuit 802, but the 
scan direction thereof differs from that of the vertical 
scan circuit 802 by 90 deg. For this reason, in respect 
to large integration and efficient placement, it is neces- 
sary that the MOS transistors constituting the circuits 
802 and 803 have orientations being different by 90 deg. 
from each other. 

[0068] Figure 1 6 shows the shape of a fine linear pat- 
tern for accomplishing the circuit of this embodiment. 
Denoted in the drawing at 901 is a first fine linear pattern 
group, and denoted at 902 is a second fine linear pattern 
group having its orientation different from the first fine 
linear pattern group by 90 deg. The first fine linear pat- 
tern group 901 is used to form a gate portion of an MOS 
transistor which constitutes the vertical scan circuit 802, 
while the second fine linear pattern group 902 is used 
to form a gate portion of an MOS transistor which con- 
stitutes the horizontal scan circuit 803. This enables ef- 
ficient placement of circuits. 

[0069] Another example of a circuit which performs 
similar matrix driving is a liquid crystal display device, 
and, as a matter of course, similar advantageous results 
are attainable in that case. In place of a sequential scan 
circuit, a decoder circuit may be used. Also in such case, 
similar advantageous results are obtainable. Further, 
similar advantageous results can be attained in cases 



of memories such as DRAM, SRAM, or flash memory, 
for example. 

[0070] Further, this embodiment is applicable also to 
manufacture of mechanical devices such as a microma- 

5 chine, for example, not only to a semiconductor device. 
[0071 ] While the example described above concerns 
a case where fine linear patterns are arrayed horizon- 
tally (0 deg.) and vertically (90 deg.) as viewed in the 
drawing, the present invention is not limited to this ar- 

10 rangement. Any other angles may be used. Further, dif- 
ferent fine linear patterns having three or more different 
orientations may be used in accordance with a circuitry 
to be produced. 

is [Embodiment 5] 

(Manufacture of Device Structure) 

[0072] Figures 17A through 25B are schematic views 

20 for explaining the procedure for manufacturing a chip- 
inside-device structure according to the present inven- 
tion, on the basis of the multiple exposure method. 
[0073] Figures 1 7 A - 1 7C show a process for forming 
a silicon active region. A mask pattern such as shown 

25 in Figure 17A may be exposed by using an ordinary pro- 
jection exposure apparatus having an exposure wave- 
length X - 248 nm (KrF excimer laser) and a projection 
optical system with an image side NA of 0.6, whereby a 
photoresist pattern with a portion corresponding to the 

30 silicon active region being remained may be formed on 
a semiconductor wafer. Then, a silicon oxide film region 
may be formed outside that pattern by using a selection 
oxidation method (LOCOS), for example. This region 
may function as a device separation region, such that a 

35 silicon active region can be produced. Figure 17B is a 
plan view thereof, and Figure 17C is a sectional view 
taken along a line A - A' in Figure 17B. In Figures 17A - 
17C, denoted at 1001 is a silicon active region which 
can thus be formed, and denoted at 1002 is a device 

40 separation region which comprises an electrically insu- 
lating layer. 

[0074] Figures 18A and 18B as well as Figures 19A - 
19C illustrate the principle of dual exposure method for 
forming a gate region. Figure 18A shows a Levenson 
4$ pattern having a linewidth and a spacing of L, as being 
printed on a semiconductor wafer. Figure 18B shows a 
rough pattern. The rough pattern comprises a pattern 
region 1101 having a transmission factor 1, and a pat- 
tern region 1102 having a transmission factor 2. The 
so smallest linewidth and spacing of these pattern regions, 
as being printed on the semiconductor wafer, are set to 
2Lor more. The Levenson pattern and the rough pattern 
are photoprinted superposedly on a substrate as shown 
in Figure 1 9A, in accordance with the dual-beam inter- 
ns ference exposure method and the standard or ordinary 
exposure method as described hereinbefore. Here, the 
exposure threshold E th of the photoresist on which these 
patterns are printed as well as the patterns and the ex- 
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posure amounts in the pattern regions are set in an ap- 
propriate relation with each other. As a result, a photore- 
sist pattern (goal pattern) such as a pattern 1103 shown 
in Figure 19B which corresponds to a gate having a 
smallest Nnewidth I, in the state being printed on the 
semiconductor wafer, can be produced. Here, the trans- 
mission factors 1 and 2 are referred to only for conven- 
ience in explanation, and they have no specific physical 
significance. 

[0075] A gate insulation film may then be formed on 
the silicon active region 1001 (Figures 17B and 17C) by 
thermal oxidation of the silicon. Thereafter, a polysilicon 
layer may be formed through a CVD (chemical vapor 
deposition) method, for example. The polysilicon layer 
may then be etched and patterned in accordance with 
the photoresist pattern having been formed through the 
dual exposure method described above, whereby a gate 
pattern of a smallest linewidth L can be formed. Figure 
19B is a plan view of it, and Figure 19C is a sectional 
view taken along a line A - A' in Figure 19B. In Figures 
19B and 19C, denoted at 1103 is a gate region of poly- 
silicon, for example, and denoted at 1104 is a gate in- 
sulation film. Denoted at 1 1 05 is are a source and a drain 
region of an MOS transistor, which are formed by impu- 
rity injection based on the ion injection method per- 
formed after the formation of the gate region 1103. 
[0076] The principle of dual exposure in the embodi- 
ment described above will be explained in greater detail, 
with reference to Figures 20A through 22B. In the dual 
exposure process, as compared with the ordinary expo- 
sure sensitivity setting, as shown in Figures 20A - 21 B, 
where the maximum exposure amount in the periodic 
pattern exposure (Levenson pattern exposure or dual- 
beam interference exposure, for example) is taken as 
1 , the exposure threshold value E^ of a resist of a pho- 
tosensitive substrate is set to be larger than 1. In this 
photosensitive substrate, when an exposure pattern 
(exposure amount distribution) as defined by the peri- 
odic pattern exposure only is developed, the exposure 
amount is insufficient. Therefore, while there may be a 
small variation in film thickness, a portion having a zero 
film-thickness is not produced as a result of the devel- 
opment, and no lithographic pattern is produced by the 
etching. Thus, this can be regarded as disappearance 
of a periodic pattern. Here, the dual exposure will be 
explained below with reference to an example where a 
negative type photoresist is used, the dual exposure 
process can be used with a positive type photoresist. 
Figures 20A and 21 A show a lithography pattern (noth- 
ing is produced), and Figures 20B and 21 B show the 
relation between the exposure amount distribution and 
the exposure threshold. The reference character E, in 
Figures 20B and 21 B denotes the exposure amount in 
the periodic pattern exposure, and the reference char- 
acter E 2 denotes the exposure amount in the ordinary 
projection exposure. 

[0077] The dual exposure process has a feature that 
an exposure pattern of high resolution which may ap- 



parently disappear only through the periodic pattern ex- 
posure is mixed with an exposure pattern of desired 
shape, including a pattern of a size not larger than the 
resolving power of the ordinary projection exposure, 

5 such that only a desired portion of a resist is selectively 
exposed by an amount not lower than the exposure 
threshold of the resist, whereby a desired lithographic 
pattern can be finally produced. 
[0078] Figure 22A shows an exposure pattern provid- 

10 ed by ordinary projection exposure. In this embodiment, 
the resolution of ordinary projection exposure is set to 
be about a half of that of the dual-beam interference ex- 
posure for the periodic pattern exposure. Thus, the 
linewidth of the exposure pattern by the projection ex- 

is posure as illustrated is about twice the linewidth of an 
exposure pattern by the dual-beam interference expo- 
sure. 

[0079] When the projection exposure for forming the 
exposure pattern of Figure 22A is performed, after the 

20 dual-beam interference exposure and without interven- 
tion of a development process, superposedly to the 
same region of the same resist, the total exposure 
amount distribution on the resist will be such as shown 
in the graph at the bottom of Figure 22B. Here, since the 

25 ratio between the exposure amount of dual-beam in- 
terference exposure and the exposure amount E 2 of the 
projection exposure is set at 1:1 while the exposure 
threshold E th of the resist is set within a range between 
the exposure amount E, (= 1) and the sum (= 2) of the 

30 exposure amount and the exposure amount E 2 of the 
projection exposure, a lithographic pattern such as 
shown at the upper portion of Figure 22B can be formed. 
The isolated linear pattern shown in the upper portion 
of Figure 22B has a resolution corresponding to that of 

35 the dual-beam interference exposure, and there is no 
simple periodic pattern. Thus, a high resolution pattern 
having a resolution higher than that as can be attained 
by the ordinary projection exposure, is produced on the 
semiconductor wafer. 

40 [0080] In addition to the method described above, 
there are some other methods for multiple exposure 
process. Another example will be described below. 
[0081] Figure 23 shows a rough pattern mask with 
which a defocused image of a fine pattern, that can not 

45 be resolved by ordinary exposure, is superposed. 
[0082] This mask has a pattern directly corresponding 
to a gate having a smallest linewidth L, as being printed 
on a semiconductor wafer. When the ordinary exposure 
is performed with this mask, while the region ol a linew- 

50 idth L or more can be resolved, as regards the region of 
the smallest linewidth, a blurred exposure amount dis- 
tribution is formed on the resist. 
[0083] The exposure amount distribution in this por- 
tion (B - B') will be described below in detail. 

55 [0084] Figure 24A shows an exposure pattern in the 
ordinary exposure, and Figure 24B shows the state of 
exposure corresponding to it. Since this exposure pat- 
tern is a fine pattern smaller than the resolving power of 
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the exposure apparatus, it can not be resolved. Thus, 
the intensity distribution on the substrate being exposed 
is blurred and expanded. Here, the exposure pattern 
comprises a fine pattern having a linewidth about a halt 
of the resolution power of the ordinary projection expo- 5 
sure. 

[0085] The projection exposure for forming the expo- 
sure pattern of Figure 24C is performed, after the peri- 
odic pattern exposure of Figure 20A and without inter- 
vention of a development process, superposedly to the to 
same region ot the same resist. At that time, the center 
of the ordinary exposure pattern is registered with the 
peak of the periodic pattern. Then, the total exposure 
amount distribution on the resist will be such as shown 
in the graph of Figure 24D. Here, since the ratio between '5 
the exposure amount E 1 of the periodic pattern expo- 
sure and the exposure amount E 2 of the projection ex- 
posure is set at 1:1 while the exposure threshold of 
the resist is set within a range between the exposure 
amount E t (= 1) and the sum (= 2) of the exposure 20 
amount and the exposure amount E 2 of the projection 
exposure, as a result of a development process, a lith- 
ographic pattern such as shown in Figure 24C is formed 
on the semiconductor wafer. The isolated linear pattern 
shown in Figure 24C has a resolution corresponding to & 
that of the periodic pattern exposure, and a simple pe- 
riodic pattern itself is not developed. Thus, a high reso- 
lution pattern having a resolution higher than that as can 
be attained by the ordinary projection exposure, is pro- 
duced. It is to be noted that the exposure amounts 1 and 30 
2 are referred to only for convenience in explanation, 
and they have no specific physical significance. 
[0086] Figures 25A and 25B illustrate the principle of 
the triple exposure method, for forming a contact region. 
First, a Levenson pattern which comprises a stripe-like 35 
pattern having a linewidth and a spacing of L, when 
printed on a semiconductor wafer, is photoprinted by 
use of an exposure apparatus according to the dual- 
beam interference exposure method and with an expo- 
sure amount 1. Subsequently, the Levenson pattern as 40 
being rotated by 90 deg. is photoprinted with an expo- 
sure amount 1. As a result of the above, the semicon- 
ductor wafer is exposed in the state such as shown in 
Figure 25B. In Figure 25B, denoted at 1201 are those 
regions (Levenson double exposure regions) having 45 
been exposed twice through the Levenson pattern. De- 
noted at 1202 are those regions (Levenson single ex- 
posure regions) having been exposed once through the 
Levenson pattern. Denoted at 1203 are those regions 
(Levenson unexposed regions) not having been ex- so 
posed during the Levenson pattern exposure. Each Lev- 
enson double exposure region 1 201 has been exposed 
with an exposure amount 2. The exposure amount 2 has 
been set to a level lower than the exposure threshold 
E, h of a photoresist applied to the substrate to be ex- 55 
posed. 

[0087] After printing two orthogonal Levenson pat- 
terns upon the substrate in the manner described 



above, a rough mask pattern 1204 such as shown in 
Figure 26A is printed in accordance with the ordinary 
exposure process and with an exposure amount 1. As 
a result of this, only those portions having been exposed 
superposedly by the Levenson double exposures 1201 
and the rough mask pattern 1204 exposure, have been 
exposed with an exposure amount 3. Here, the expo- 
sure amounts of respective patterns may be so deter- 
mined that the exposure threshold E th of the photoresist 
is at a level between the exposure amount 2 and the 
exposure amount 3. On the basis ol this, a photoresist 
pattern of square shape having each side of a length L 
can be produced. Here, the exposure amounts 1 , 2 and 
3 are referred to only for convenience in explanation, 
and they have no specific physical significance. 
[0088] An inter-layer insulating film comprising a sili- 
con oxide film, for example, may be formed on the poly- 
silicon gate 1103 of Figure 19D in accordance with a 
CVD method, for example. After this, the inter-layer in- 
sulating film may be etched in accordance with the pho- 
toresist pattern formed through the triple exposure 
method described above, by which a contact hole 1205 
can be formed. Figure 26B is a plan view of it, and Figure 
26C is a sectional view taken along a line A - A' in Figure 
26B. In Figures 26B and 26C, denoted at 1 205 is a con- 
tact hole, and denoted at 1 206 is an inter-layer insulating 
film. 

[0089] Figures 27 A - 27C show the process for form- 
ing a wiring region. The rough mask pattern shown in 
Figure 27A is photoprinted through the ordinary expo- 
sure method, whereby a photoresist pattern is pro- 
duced. A metal layer such as aluminum may then be 
formed on the inter-layer insulating film 1206 and the 
contact hole 1205 described above, through a sputter- 
ing method, for example. Subsequently, the metal layer 
may be etched in accordance with the photoresist pat- 
tern formed through the ordinary exposure method de- 
scribed above, whereby a desired wiring pattern can be 
produced. The metal layer formed on the contact hole 
1205 is electrically communicated with the source and 
drain region 1105 in the silicon active region, and elec- 
trodes of an MOS transistor are provided. Figure 27B is 
a plan view, and Figure 27C is a sectional view taken 
on a line A - A\ Denoted at 1301 is a metal wiring layer. 

[Embodiment 6] 

(Device Manufacturing Method) 

[0090] Next, an embodiment of a semiconductor de- 
vice manufacturing method which uses an exposure 
method according to any one of the preceding embodi- 
ments, will be explained. 

[0091] Figure 28 is a flow chart of procedure for man- 
ufacture of microdevices such as semiconductor chips 
(e.g. ICs or LSIs), liquid crystal panels, CCDs, thin film 
magnetic heads or micro-machines, for example. 
[0092] Step 1 is a design process for designing a cir- 
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cuit of a semiconductor device. Step 2 is a process tor 
making a mask on the basis of the circuit pattern design. 
Step 3 is a process for preparing a wafer by using a ma- 
terial such as silicon. Step 4 is a wafer process (called 
a pre-process) wherein, by using the so prepared mask 
and wafer, circuits are practically formed on the wafer 
through lithography. Step 5 subsequent to this is an as- 
sembling step (called a post-process) wherein the wafer 
having been processed by step 4 is formed into semi- 
conductor chips. This step includes an assembling (dic- 
ing and bonding) process and a packaging (chip seal- 
ing) process. Step 6 is an inspection step wherein op- 
eration check, durability check and so on for the semi- 
conductor devices provided by step 5, are carried out. 
With these processes, semiconductor devices are com- 
pleted and they are shipped (step 7). 
[0093] Figure 29 is a flow chart showing details of the 
wafer process. 

[0094] Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 13 
is an electrode forming process for forming electrodes 
upon the wafer by vapor deposition, Step 14 is an ion 
implanting process for implanting ions to the wafer. Step 
15 is a resist process for applying a resist (photosensi- 
tive material) to the wafer. Step 1 6 is an exposure proc- 
ess for printing the circuit pattern of the mask on the 
wafer in accordance with an exposure process based 
on the smallest linewidth to be printed, such as a multi- 
ple exposure process or an ordinary exposure process 
described hereinbefore, for example. Step 17 is a de- 
veloping process for developing the exposed wafer. 
Step 1 8 is an etching process for removing portions oth- 
er than the developed resist image. Step 19 is a resist 
separation process for separating the resist material re- 
maining on the wafer after being subjected to the etching 
process. By repeating these processes, circuit patterns 
are superposedly formed on the wafer. 
[0095] In this embodiment, the multiple exposure 
process is used for production of a gate pattern and a 
contact hole. However, the invention is not limited to this, 
but it may be applied to production of a fine wiring. 
[0096] In accordance with the device manufacturing 
method of this embodiment, high density microdevices 
can be manufactured with a lower cost. 
[0097] In the embodiments of the present invention 
described hereinbefore, the fine-pattern exposure re- 
gion is made larger than the chip-inside-device forming 
region so that the former includes the latter. As a result, 
a fine pattern not influenced by the edge effect of the 
pattern, the proximity effect, or the micro-loading effect, 
can be used in the chip-inside-device forming region. 
Also, all the above-described fine pattern or patterns 
may be formed on a single mask so that it or they may 
be photoprinted in a single exposure operation. This ac- 
complishes uniformness of control of the exposure 
amount distribution over a wide range and of the state 
of the resist after the exposure (e.g., oxide diffusion), 
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and thus high precision production of a semiconductor 
chip is assured. Particularly, in a chemical amplification 
type resist, the time from the exposure to the develop- 
ment has a large influence to the linewidth (CD). There- 
s fore, making uniform the time from the exposure to the 
development is effective to improve the precision of a 
device such as a semiconductor chip, for example. 
[0098] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
to fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. 

15 

Claims 

1. An exposure method, comprising the steps of: 

20 printing, by an exposure, a fine pattern onto a 

substrate; and 

printing, by an exposure, a mask pattern having 
a smallest linewidth larger than that of the fine 
pattern, onto the substrate; 

25 

wherein the fine pattern and the mask pattern 
are printed on the substrate superposedly, and 
wherein a fine pattern exposure region in which the 
fine pattern is to be printed has a size that includes 
30 a chip-inside-device forming region in which a chip- 
inside-device is to be formed in a single chip region 
to be formed on the substrate. 

2. A method according to Claim 1 , wherein the whole 
35 of the fine pattern is formed on a single mask, and 

wherein, through a single exposure of the substrate 
to the mask, the fine pattern is printed on the fine 
pattern exposure region. 

40 3. a method according to Claim 1, wherein the fine 
pattern comprises a stripe-like pattern. 

4. A method according to Claim 1, wherein the fine 
pattern comprises a periodic pattern having a reg- 

45 ular periodicity. 

5. A method according to Claim 4, wherein, in respect 
to a direction of array of the periodic pattern, the 
chip-inside-device forming region is placed inside 

so the fine pattern exposure region by an amount cor- 
responding to at least one pattern element of the 
periodic pattern. 

6. A method according to Claim 4, wherein the period- 
ss jc pattern has a pattern width of not greater than 

0.15 micron and pattern elements of a number not 
less than 3, and wherein, in respect to a direction 
of array of the periodic pattern, the chip-inside-de- 
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vice forming region is placed inside the fine pattern 
exposure region by an amount corresponding to at 
least two pattern elements of the periodic pattern. 

7. A method according to Claim 4, wherein the period- 
ic pattern has a pattern width of not greater than 
0.12 micron and pattern elements of a number not 
less than 3, and wherein, in respect to a direction 
ol array of the periodic pattern, the chip-inside-de- 
vice forming region is placed inside the fine pattern 
exposure region by an amount corresponding to at 
least four pattern elements of the periodic pattern. 

8. A method according to Claim 4, wherein, in respect 
to a direction of the length of the periodic pattern, 
the chip-inside-device forming region is placed in- 
side the fine pattern exposure region by an amount 
corresponding to at least 6 times the linewidth of the 
periodic pattern. 

9. A method according to Claim 4, wherein the period- 
ic pattern comprises a stripe-like pattern. 

10. A method according to Claim 4, wherein the period- 
ic pattern includes a first periodic pattern and a sec- 
ond periodic pattern having a direction of array be- 
ing different from the first periodic pattern. 

11. A method according to Claim 10, wherein the first 
and second periodic patterns are arrayed along or- 
thogonal directions. 

1 2. A method according to Claim 4, wherein the period- 
ic pattern includes different groups of periodic pat- 
terns having different directions of array, wherein 
there are plural pads in the chip arrayed along first 
and second directions, wherein, around pads dis- 
posed along the first direction, a group of periodic 
patterns arrayed along the first direction are dis- 
posed, and wherein, around pads disposed along 
the second direction, a group of periodic patterns 
arrayed along the second direction are disposed. 

1 3. A method according to Claim 4, wherein the period- 
ic pattern includes at least three patterns having dif- 
ferent directions of array. 

14. A method according to Claim 1, wherein the fine 
pattern is formed on the whole surface of the fine 
pattern exposure region. 

15. A method according to Claim 1, wherein the fine 
pattern is formed on the fine pattern exposure re- 
gion, except for a portion inside it. 

16. A device manufacturing method, comprising the 
steps of: 



printing, by an exposure, a fine pattern onto a 
substrate; 

printing, by an exposure, a mask pattern having 
a smallest linewidth larger than that of the fine 

5 pattern, onto the substrate; 

wherein the f ine pattern and the mask patter are 
printed on the substrate superposedly, and 
wherein a fine pattern exposure region in which 
the fine pattern is to be printed has a size that 

10 includes a chip-inside-device forming region in 

which a chip-inside-device is to be formed in a 
single chip region to be formed on the sub- 
strate; and 

developing the superposedly printed substrate 
is for production of a device from the developed 

substrate. 

17. A method according to Claim 1 6, wherein the whole 
of the fine pattern is formed on a single mask, and 

20 wherein, through a single exposure of the substrate 
to the mask, the fine pattern is printed on the fine 
pattern exposure region. 

18. A method according to Claim 16, wherein the fine 
25 pattern comprises a periodic pattern. 

19. A semiconductor device, comprising: 

a substrate; and 

30 a pattern structure formed on the substrate in 

accordance with a process which includes (i) 
printing, by an exposure, a fine pattern onto the 
substrate, and (ii) printing, by an exposure, a 
mask pattern having a smallest linewidth larger 

35 than that of the fine pattern, onto the substrate, 

wherein the fine pattern and the mask patter are 
printed on the substrate superposedly, and 
wherein a fine pattern exposure region in which 
the fine pattern is to be printed has a size that 

40 includes a chip-inside-device forming region in 

which a chip-inside-device is to be formed in a 
single chip region to be formed on the sub- 
strate. 

45 20. A semiconductor device according to claim 19, 
wherein the fine pattern comprises a periodic pat- 
tern. 

21 . An exposure method for forming a pattern on a pat- 
so tern region of a substrate, comprising: 

printing by exposure a fine pattern onto an area 
of the substrate including the pattern region; 
printing, by exposure, a mask pattern onto the 
55 pattern region of the substrate. 

22. Anexposuremethodaccordingtoclaim20, wherein 
the fine pattern is a periodically repeating pattern, 
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and a first portion of the fine pattern has an align- 
ment direction which differs from an alignment di- 
rection of a second portion of the pattern. 
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